This study was an attempt to overexpress the extracellular elastase from Pseuodomonas aeruginosa in Escherichia coli and characterize the level of purified enzymes of recombinant bacterium. The gene encoding an elastase natively produced by Pseudomonas aeruginosa was cloned and overexpressed in Escherichia coli using pET-32a system and the resultant recombinant elastase was purified and compared with the native elastase gene. The 1497 bp gene was amplified and sub cloned in pET-32a and subsequently transformed into E. coli BL21. The media assay, SDS-PAGE and Western blotting were carried out to analyze the results, and the extracellular enzyme was purified to detect enzyme activity of recombinant E. coli. Nucleotide sequencing of the DNA insert from the clone revealed that the protease activity corresponded to an open reading frame consisting of 1497 bp coding for a 53.69-kDa protein.
This study was an attempt to overexpress the extracellular elastase from Pseuodomonas aeruginosa in Escherichia coli and characterize the level of purified enzymes of recombinant bacterium. The gene encoding an elastase natively produced by Pseudomonas aeruginosa was cloned and overexpressed in Escherichia coli using pET-32a system and the resultant recombinant elastase was purified and compared with the native elastase gene. The 1497 bp gene was amplified and sub cloned in pET-32a and subsequently transformed into E. coli BL21. The media assay, SDS-PAGE and Western blotting were carried out to analyze the results, and the extracellular enzyme was purified to detect enzyme activity of recombinant E. coli. Nucleotide sequencing of the DNA insert from the clone revealed that the protease activity corresponded to an open reading frame consisting of 1497 bp coding for a 53.69-kDa protein.
The clear zones around the recombinant colonies on skim milk agar as well as sharp band on 53-kD size on SDS-PAGE and Western blotting confirm the correct expression of elastase enzyme. Bacterial culture containing pET-32a-IasB showed high enzyme activity around 670 J.lg elastase ml". The results showed that elastase has potential to be produced industrially and be applied in medicine, food, etc. divisions.
Elastase belongs to the family of serine proteinase that is characterized by the reactivity of a serine residue in the active site of the enzyme. Elastase hydrolyses elastin, the specific protein of elastic fibers, and digests other proteins such as haemoglobin, casein and fibrin (I). Since its first discovery by Balo and Banga (2) in 1950, it has been purified from bacteria (3, 4) , fish (5) and several mammalian species. Elastase is primarily produced in the pancreas as an inactive precursor, proelastase, and activated in the duodenum by trypsin which cleaves off a small peptide chain at the N-terminus (6) . One form of elastase has a specificity for alanine residues (termed elastase 1), while the other has potential affinity for a bulky amino acid in position PI (termed elastase 2), and therefore resembles chymotrypsin in some ways, hydrolysing SucAla3-PNA )N-succinyl-Ala-Ala-Ala p-nitroanilide) very slowly. Elastase is also found in neutrophils. The neutrophil elastase, involved in the digestion of engulfed bacteria differs from pancreatic elastase, which is mainly involved in food digestion (7) .
Elastase hydrolyzes insoluble elastin much more efficiently than other proteases and has been widely applied in many aspects, such as a medicine to cure hyperlipidemia and arteriosclerosis (8) , and producing soluble elastin which could be used in cosmetics (9) and as a meat tenderizer in the food industry (10, II) .
Study of the mechanism that elastase degrades elastin has been primarily directed on purified pancreatic elastase. The reaction has been found to be a complex process of at least three steps. However, the mechanism still remains unknown (10) .
The majority of elastase studies have focused on microbial elastase; in recent years many researchers found that some Gram-negative and Gram-positive bacteria can secrete elastase, especially the Gramnegative species. However, few bacterial species have potency for industrial applications due to their elastase activity and pathogenicity. P aeruginosa produce elastase which has been thoroughly studied. P aeruginosa elastase shows considerable amino acid sequence homology with other microbial neutral metalloproteinases, especially thermolysin (12) . Its three-dimensional structure was determined by Thayer et aI. (13) after crystallization.
To date, many authors have focused on isolating and screening microorganisms for enzyme production with high elastase activity as well as purifying and characterizing newly found enzymes (14) . In contrast, there are few reports concerning culture medium optimization in order to increase elastase yield and improve application effects (15, 16) .
In industrial application the extracellular enzymes are preferred because of the economical purification which is easy to obtain compared to intracellular enzymes. Therefore, the current research studies the overexpression of extracellular elastase from P aeruginosa in E. coli BL2l using pET system and characterizing the level of purified enzyme of recombinant bacterium compared to native bacteria.
MATERIALS AND METHODS

Strains. plasm ids. and culture medium
The bacterial strains and plasm ids used in this study are listed in Table I . The chemicals and media used were obtained from Novagen (USA), Oxiod (USA) and Sigma (USA) Company. E. coli strains were cultured in LuriaBertani (LB; 1% tryptone, 0.5% yeast extract, and 1% NaCl) medium at 37°C in a shaking incubator. Ampicillin was added when necessary at a final concentration of 100 ug/ml.
Genomic DNA isolation and purification
The DNA extraction was carried out by DNA extraction kit (GeneAll, Korea) according to the manufacturer's instructions. The purity of genomic DNA was confirmed by measuring the absorbance at 260 nm and 280 nm using Nanodrop (Thermo, USA). The DNA was purified from the gel using DNA purification kit (GenAll, Korea) according to the manufacturer's instructions.
Synthesis and sequencing elastase gene
Elastase gene (lasB) of P. aeruginosa was cloned and expressed by the standard protocols of Sambrook and Russell (17) . A PCR amplification primer set was designed on the basis of predicted lasB amino acid and nucleotide sequences deposited in the GenBank under accession number M 19472. The primers (Forward:5-CAGGATCCCATCACCATCACCATCACGGGAT GAAGAAGGTTTCTACGCTT<-3 and Reveres: 5-GCAAGCTTTTACAACGCGCTCGG -3) were designed and used for the amplification of lasB gene with some upstream and downstream sequences. The BamHI endonuclease site was included at the forward primer, while HindIII endonuclease site and two strong stop codons TAA was incorporated at the reverse primer. In addition, the nucleotides representing the six histidine residues were located downstream to the incorporated BamHI restriction site in forward primer. The PCR product was subcloned into E. coli TOP I0 cells using the pCR-Blunt vector (Invitrogen, USA) according to the manufacturer's instructions. To confirm the in-frame cloning of lasB gene the recombinant plasmid was sequenced by Sigma (Singapore). The nucleotide and amino acid sequences were analyzed and compared to entries in protein databases provided by GenBank™ and EMBL by use of the FASTA and BLAST programs.
Cloning and expression ofelastase gene
To express the elastase enzyme, the lasB gene was ligated in the pET32a vector, which was already digested with BamHI and HindIII restriction enzymes, using T4 DNA ligase (Fennantas, Lithuania), resultant the recombinant expression vector pET 32a-IasB. The pET 32a-IasB was then transformed into E. coli BL21 by the chemical CaCl z method. Positive clones were identified by colony PCR and double restriction digestion. Detailed protocols were carried out according to Sambrook and Russell (17) .
Expression ofelastase gene in E. coli BL21
The recombinant E. coli BL21 harboring pET-32a-lasB was cultured with vigorous shaking at 37°C overnight in 3 mL LB broth containing 100 ug/m! ampicillin. The culture was then sub-cultured using 1% inoculums to 100 ml fresh LB broth containing the same concentration of ampicillin; the culture was incubated with shaking at 37°C until the OD600 reached 0.6-0.8; IPTG was added to a final concentration of 1 mM. Cells were collected at 1, 2, 4, and 6 h after IPTG addition for protein detection by SDS-PAGE. The negative control was prepared by the same method using cells not subjected to IPTG induction.
SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and Western blotting
The molecular mass of the recombinant enzyme was determined using SDS-PAGE (12% polyacrylamide). A volume of 15 III of the supernatant was added into each lane of the gel.
After electrophoresis, the gel was stained with Coomassie Brilliant Blue R-250, and washed with a mixture of acetic acid-methanol-water (10:25:65, v/v/v). The Western blotting also was carried out according to Sambrook and Russel (17) . The 6xHis Tag Rabbit Polyclonal antibody (Thermo, USA) was used to detect the elastase protein.
Elastase activity
Agar plate assay is one of the most frequently used procedures for screening enzymes existent on petri-dishes. In this assay, clear halos appear around the recombinant colonies (18) . Therefore the media plate assay was carried out to check the expression of elastase on Skim Milk Agar.
The elastolytic activity was quantitatively determined by a modified method described by Morihara (19, 20) . The reaction mixture contained I ml of appropriately diluted enzyme and 2 ml of 0.2 M boric acid buffer containing 10 mg Elastin-Congo Red. Digestion was carried out at proper temperature for 2 h, and terminated by 2 ml 0.7 Table I . Bacterial strains and plasmids.
M phosphate buffer (pH 6.0), followed by centrifugation at 3000xg for 10 min. The supernatant was measured by spectrophotometer at 495 nm. One unit ofelastase activity was defined as the digestion of 1 mg Elastin-Congo Red at 28°C in 2 h at pH 7.4.
RESULTS
Cloning and sequencing ofthe elastase gene
The elastase gene was amplified from the genomic DNA using designed primers, and then the 1497 bp PCR product was directly cloned in pCR-Blunt vector as template. 
Expression ofelastase in E. coli
The lasB was inserted in double digested pET32a by BamHI and HindIII estriction enzymes, and the recombinant vector was then transformed into E. coli BL21 from LB agar containing 100 ug/rnl of ampicillin. Screening the stained 1% agarose gel electrophoresis of recombinant plasmid showed 1497 bp increase in the size of plasmid which confirms the correct gene insert. To study elastase expression, the recombinant E. coli BL21 containing pET32a-lasB, E. coli BL21 containing pET32a and P. aeruginosa were cultured on Skim Milk Agar separately. The results showed no elastase activity in E. coli BL21 containing pET32a as control, while larger halos appeared around the recombinant E. coli containing pET32a-lasB compared to the smaller sized halos of P. aeruginosa (results not shown). Screening the resultant halos showed that the E. coli pET32a-lasB had higher elastase activity than the P. aeuroginosa, which confirms the overexpression of elastase by E. coli. In the next step the protein expression was monitored and analyzed using SDS-PAGE and Western blotting techniques (17) . SDS-PAGE analysis revealed the presence of a new protein in the supernatant. High activity was observed in all supernatants treated with IPTG but the highest was obtained after 6 h induced with I mM IPTG (Fig. I) . The Western blotting result confirms the presence of recombinant protein around 53kDa, which is according to the size of predicated elastase protein (Fig. 2) .
The deduced amino acid sequence shows that P. aeruginosa elastase is synthesized as a preproenzyme consisting of 498 amino acids with a predicted molecular weight of 53.69-kDa. The N-terminal signal peptide consists of 23 residues bordered with the signal peptidase recognition site Ala-Phe-AlaAla, a group of strongly hydrophobic amino acids being conserved. Belonging to the signal sequence, the pro-sequence consisting of 174 amino acids has to be cleaved by autoproteolytic processing in the periplasm. The active mature elastase consists of 301 amino acids with a calculated molecular mass of 33,028 Da and a predicted isoelectric point of 5.62. The molecular weight of the purified enzyme (53.69 kDa), determined by SDS-PAGE and Western blotting, is in agreement with the predicted value.
Screening the results of elastase activity showed high elastase activity of recombinant E. coli around 670 ug elastase ml'. The specific elastolytic activity of the recombinant elastase was 195 Ulml which is around 38-fold higher than the native bacterium.
DISCUSSION
Enzymes play an important role on an industrial scale, therefore finding a way to get higher levels of enzymes is of great interest in molecular biology and biotechnology. Over the past decade the variety of hosts and vector systems for recombinant protein expression has increased dramatically. Despite the development of eukaryotic systems, E. coli remains the most widely used host for recombinant protein expression. E. coli is easy to transform, grows quickly in simple media, and requires inexpensive equipment for growth and storage, and in most cases, E. coli can be made to produce adequate amounts of protein suitable for the intended application (21-24).
In this study we report the overexpression of elastase by E. coli using pET system. To achieve this, the complete CDS of lasB gene was cloned and expressed in E. coli B121.
Elastase is initially synthesized as a precursor with a pre-pro-mature domain structure consisting of a signal peptide (23 residues), a propeptide (174 residues) and a carboxy-terminal catalytic domain (301 residues) (25) . Elastase requires these properties for both proper folding and secretion in P. aeruginosa (26) .
The lasB gene encoding an extracellular elastase cloned from the meta-genomic library was 1497 bp in length. The predicted protein consisted of 498 amino acids with a calculated molecular mass of 53.67-kDa. The nucleotide sequence of the fragment containing the lasB gene revealed an open reading frame of 1497 nucleotides which can code for a 498-amino-acid peptide with a molecular weight of 53.69 KDa. Evidence supporting the use of this open reading frame includes: (i) the similarity in size of the predicted lasB gene product (53.69 kDa) and one of the lasB gene products expressed in the bacterial cell-free transcription-translation system (molecular weight; approximately 54,000); (ii) absolute agreement of the predicted amino acid sequence within the open reading frame with the previously determined sequence ofthe first 40 amino acids of the amino terminus region of the mature P. aeruginosa elastase; (ii) the similarity of the amino acid compositions of the predicted mature elastase and the reported purified mature elastase. The predicted signal sequence is followed by a propeptide containing approximately 150 amino acids.
The 670 ug/ml protein obtained in this study was much higher than that obtained by Lin et al., around 450ug/ml of which was expressed by Pichia pas/oris. In that study (19) , the elastase was expressed by Pichia pas/oris, and they reported the highest elastase activity around 450 ug/ml which compare to the results of current study, the higher level around 670 ug/ml of elastase was obtained. This result shows overexpression of elastase by E. coli BL21. Protein expression in E. coli is usually faster and higher than in Pichia pas/oris for several reasons: Competent E. coli cells can be stored frozen, and thawed immediately before use, whereas Pichia cells have to be produced immediately before use. Expression yields in Pichia vary between different clones, and usually a large number of clones needs to be screened for protein expression before a good producer is found. Optimal induction times of Pichia are usually in the order of days, whereas E. coli usually reaches optimal yields within hours of induction (27, 28) .
In conclusion we report the overexpression of elastase which has the potential to be produced industrially and used in different divisions.
